Abstract. This research is aimed at understanding how colour affects users' decision-making processes in the context of warning banner messages. So far, little research has examined this complex psychological and cognitive process wherein the psychology of colour can play an important role in the relationship between the warning message and the user's decision-making process. We closed the existing research gap by understanding how different colour applications (black, blue, yellow, red, green, white) influence users' decision-making processes. We built our work on the theory of psychological reversals to colour, supported by the Cognitive-Affective model of communication. We conducted an online experiment measuring actual users' behaviour of 217 participants. We found that the colour application has different arousal effects. Overall, we advance understanding of the psychological process that precedes a decisionwith a focus on the importance of colour.
Introduction
Decision-making process is result of trust [1] and different risk factors [2] [3] [4] which will ultimately help or hinder the entire process [5] where the colour inputs play an important role. Drivers will stop at traffic red lights as red suggests that there is danger ahead. Colour affects our cognitive systems [6, 7] , human perceptions, psychological and emotional reactions and ultimately, our behavioural intentions [8, 9] . The relationship between colour and cognitive functioning has mostly been studied in the field of Psychology. For instance, red was found to be linked to performance attainment [10] , which suggests a strong relationship with the emotions whereby diverse psychological reactions can be observed, such as anxiety or pleasure [8] . One such example, wherein first impressions play an important role, is the online context, in which the majority of studies have focused on the impact of colours on website design [11] [12] [13] , seeking to understand the behaviours of internet shoppers [14, 15] . Overall, past studies have tried to understand how to better capture the user's attention through more appealing website content. In the computer digital world, a warning message on the computer represents communication designed to prevent users from hurting themselves or others [16, 17] . In general, warnings have been found to be quite efficient in preventing hazards and reducing negative outcomes [18] [19] [20] . However, and similar to the real-life situation, in the computer context, digital warnings are quite often ignored. Several different explanations have been provided to explain users' noncompliant behaviour, such as: 1) users are habituated to warning messages and consequently, do not read them [21] ; and 2) users ignore warnings due to their content [22, 23] . Warning standards and guidelines, such as those put forth by the ANSI -American National Standards Institute -recommend that warnings should be composed of the terms Danger, Warning or Caution combined with a specific colour -red, orange and yellow and an alert symbol [24] . Consequently, the majority of software makers have adopted these guidelines with red being used as a predominant colour. For instance, the latest versions of the Chrome and Internet Explorer web browsers use a red background to inform the user about the potential risk that the user may experience if he/she decides to continue with his/her action.
Past research has concluded that red warnings yield higher adherence rates than black or green warnings in the alcoholic beverage containers context [25] . However, only few studies have tried to understand whether red is really the most efficient colour for computer warning messages when it comes to drawing the user's attention. A study done by Egelman and Schechter [26] investigated the way in which the choice of the background colour (red vs white) in the warning affects the user's decision to comply with the warning. Overall, the number of studies that have investigated the relationship between the colour and the user's cognitive decision-making process is still relatively low. Another challenge with past studies is that they have been poorly supported by the theory. They have mostly used findings from other fields, such as the tobacco industry, in order to implement the same results in the computer warning context. This has resulted in seemingly contradictory and often inconclusive results when it comes to the efficiency of the computer warning message. Also, the way in which colour affects the user's decision-making process over time has not been addressed by past research. In other words, an understanding of how different colours may affect the user's conscious decisions when the user is confronted by the warning message for the first time, but also during all the consecutive event occurrences, is still lacking. For instance, if the warning message colour is black, instead of red, it could be that the user, upon the third of fourth time of seeing the warning message, would be more careful and attentive to the hazard.
Overall, with this research study we aim to close the existing research gap by studying the effects of colour on the user's decision-making process. We build our work on the theory of psychological reversals to colour [27] to understand how users behave when confronted with the computer warning message.
Theory of psychological reversals
The theory of psychological reversals [27] suggests two levels of preferred felt arousal: one high and one low. Although switching ("reversals") from high to low is possible, either a high or low level will be preferred at a certain point in time. There is a strong association between arousal preference and colour preference, whereby users will be excited and aroused by certain colours and relaxed by others. For instance, warm colours will generally provoke "active feelings" while cool colours are "much less likely to cause extreme reactions" [29] . Similarly, Gerard [30] found that when a red light was projected on a diffusing screen, an increased arousal was observed in the subjects. Clearly, long-wavelength colours (e.g. red, orange) are more stimulating compared to short-wavelength colours (e.g. blue, violet), which are more relaxing [27] . In the online shopping context, it was found that cool tones such as blue are preferred over warm tones such as red [11] . We expect, then, to see different levels of appeal to users who are expected to behave differently when presented with warm or cool tones. As the cognitive-affective model of communication suggests that cognition and affect will be impacted by the communication medium (i.e. warning message), in such circumstances it is likely that the user will feel either high or low arousal. Consequently, there will be a possibility that the user may switch from a high to a low level if he/she is confronted with a different colour application. This could be even more pronounced in a different cultural aspect.
Hypothesis Development
The effects of colour on human preferences have received considerable attention from psychologists [31] . Their relevance is not just related to aesthetics. In western cultures, for instance, red means "mistake" (e.g. teachers use red to correct mistakes), stop (e.g. red traffic lights) or danger (e.g. warning message). But it is also associated with love and sexuality (e.g. Amsterdam red light district). When it comes to gender separation, pink is usually attributed to girls and blue to boys [32] . White usually means immaculacy and black corresponds to tragic situations (e.g. death). Overall, different colour applications may have different impacts on the user's decisionmaking process. However, current research suggests that red is the colour that commonly represents danger, as it denotes risk and danger on warning labels, traffic signals, and many other systems used to inform about the threat (e.g. anti-virus software). However, as can be seen from previous studies, red can provide different levels of arousal. While we expect to find red to be the most efficient colour in transmitting risk in the computer warning message context, the lack of empirical findings related to colour and user decision making suggests that the relationship between colour application and the warning message needs to be better analysed. Consequently, it could be that other colours will have stronger secondary (i.e. second and all consecutive warning message displays) arousal effects on the user's attention. For instance, humans are so habituated to seeing the colour red in everyday life (e.g. traffic signs) that in the computer context the user may pay less attention (i.e. not read the warning itself) and, consequently, may skip over and ignore the message. It could be interesting to see what would happen, for instance, if the computer warning message had a constantly changing background, with the objective of decreasing the user's habituation to seeing the colour red. On the one hand, the user could be confused by this constant colour change, but on the other hand, the user might pay more attention as he/she would not become habituated to always seeing the red background. Overall, we argue that different colour applications will have high or low psychological arousal effects on the user. Hence, we hypothesize:
Hypothesis 1: Different colour applications will have different levels of psychological arousal effects on the user's actual behaviour when confronted by the computer warning message
Research design
Participants, Measures and procedures
In order to test our research hypothesis, we conducted a non-controlled online experiment involving participants from US and India. Institutional Review Board (IRB) approval was given to collect data and human-subject protocols were followed. In addition, every participant had to provide his or her consent for being part of a research study. The participants were informed that the study's objective was to get their view on the photoproduct they like the most. Hence, we used deception to increase realism of the results. We recruited participants from US and India by using Amazon Mechanical Turk.
Our study uses the experiment method to explore and measure the progression, frequency, and duration (i.e. time) of user behaviour when confronted with the warning banner message through different colour applications. Users were provided with a web link, which led them to a website, where they were asked to complete a task. The task consisted of choosing the product image they prefer. After clicking on the task 'start' button, they were presented with the warning banner message (Figure 1) . In order to test the frequency (i.e. the repeated effect) we displayed the warning banner message to the same participants twice -first after the second photoproduct evaluation and second after the fourth evaluation. We limited the number of warning appearances to two in order not to raise any suspicions from the participant's side. The warning message is based on the latest Google Chrome web browser malware warning, which we modified ( Figure 1 ) slightly (instead of using the word 'malware' we used the word 'safe' for simplicity and comprehension reasons). The background colours were randomly displayed (the random function is used in the web application to control the display), and could be red, blue, green, black, yellow or white. As red is the default colour for warning message in the majority of the web browsers (e.g. Google Chrome, Internet Explore and Firefox) we use red as the control group. Further, the choice for other colours is based on the colour-culture chart as suggested by Russo and Boor [33] , but also on past studies [e.g. 11], which found these colours to have a high risk component or to transmit some strong emotions and feelings. In order to measure users' actual behaviour we use a categorical variable ("decision") which can take two values. When users click on 'Continue' or 'EXIT', the binary decision is registered on a remote SQL server (0 for continue and 1 for Exit) together with several other data such as: browser version, time spent deciding (time is measured in milliseconds and corresponds to the time from when the user clicked on the start button until the user clicks on continue or exit).
Method for analysis
To analyse the effects we used the survival techniques such as the Kaplan-Meier Survival Curve, which is an estimator used to estimate survival time from lifetime data. The Kaplan-Meier method is a nonparametric method used to estimate the probability of survival past given time points (i.e. it calculates a survival distribution) [34] . Time to event represents an event course duration, which has a beginning and an end for each user. In this type of analysis, every participant is characterized by three variables: 1) the duration, 2) the status at the end of the event (exit or continue) and 3) the colour application. Furthermore, to test the effect of the warning message on the duration (repeated use) we use Cox's proportional-hazard regression model, which allows for investigations of the relationships between the survival of the event and independent measures of interest [35] .
Results
We received 435 events (both first and second occurrence) from 217 participants (one participant second warning event was not registered as participant closed web browser). Detailed demographics are presented in Table 2 . Further, in order to understand how the warning message impacts user behaviour in presence of a different colour application we analyze the survival time before the hazard occurs (i.e. user clicks on continue button in the warning banner message). As we cannot simply compare the average hazard durations, due to the right skewed distribution of the survival time, we use survival and event history analysis techniques. Event history analysis is a statistical method that deals with timing and duration until the occurrence of an event. The method examines the hazard rate that calculates conditional probability that an event occurs at a particular time interval. In other words, how long it takes the event to occur. To start with, Table 3 provides an overview of the case summary. We can see that total number of events is equally assigned for each colour (except for the blue colour, which has a slightly lower representation compared to the others). Censored means that the event has occurred (i.e. user clicked on continue button). Results indicate that, for instance, in presence of the black colour 39 Table 2 . Table 3 .
Country
Case Processing Summary Next, we proceed by examining the cumulative survival functions for different intervention groups (i.e. colour types). This is a plot of the cumulative survival proportions against time for each colour type. When the group survival curve appears "above" another colour group's survival curve on the graph (see Figure 2) , it is considered to be demonstrating a beneficial/advantageous effect. However, in our context if a survival curve is above another one, it indicates that it has lower impact on user's behaviors'. For instance, on Figure 2 , black colour is above the yellow colour, which indicates that black colour has lower impact on the user's compliance as its survival curve shows black warning message significantly prolongs the time taken until participants chose exit option. Overall, survival graph is a first indication of the colour effects that needs to be further analyzed to understand if it is statistically significant. In order to understand the typical time until participants experience the event (choose exit action), we need to analyse the means and medians for survival time table. Table 4 presents the mean and median survival time for each of the colour types. As the mean has far less importance than the median as a measure of central tendency, we focus on interpreting the median values and their 95% confidence intervals.
Fig. 2.
Survival functions for each colour type
We can see, for instance, that the median survival time for black colour was 6076ms with 95% confidence interval from 4517ms to 7634ms. The results from Table 4 indicate that yellow (median value of 3635), green (4707) and red (4902), were the most successful colours at keeping participants from continuing with their non-compliant action (click on continue). Other colours: black (6076), white (6065) and blue (5691) were less successful in keeping participants from being noncompliant. [38] . Usually all three tests provide very similar results. For instance, the log rank test is testing the null hypothesis that there is no difference in the overall survival distributions between the groups (i.e. colour types) in the population. 
Discussion
Colour seems to play an important role in this communication process occurring between the communication medium (i.e. the warning message) and the receiver (i.e. the user). We found that colour has an important role in the Cognitive-affective model of communication as it helps to establish a better relationship between the user and the communication medium. This supports the balance between relationship and action, between cognition and affect, and between message and medium [28] . In other words, our study results confirm that users may have different expectations when it comes to the way the message is presented to them. Some colours, such as blue, will have less effect on user's attention, while others (e.g. red) will provoke an increased arousal. This is in line with past studies which found blue to have "calming" effect [27] and red, projected onto a diffusing screen, to produce increased users' arousal [30] . Further, we provide evidence that arousal effect can be high or low, or that users can even switch from high to low arousal effect during different event occurrences. This is supported by the theory of psychological reversals [27] . Our finding suggests that users' will have higher or lower levels of the arousal effect, which will depend on how they feel about the colour that is displayed. While this finding was also supported by others [e.g. 11, 39] , this is the first investigation that validated different colour applications in the warning context. This confirms a strong link between arousal and colour preference. Indeed, it was found that warm colours (e.g. red) will create more arousal and attention than cool colours (e.g. blue) [40] . Also, cool colours will elicit greater relaxation and pleasure than warm colours [41] . This effect seems to be valid also in the warning context arousal is linked to the colour application. Moreover, the importance of the communication medium is even more pronounced as cognition and affect will have high or low arousal effect on user's behaviour. Our study has some practical implications. First, we found that different colour applications (black, blue, yellow, red, green, white) have different psychological arousal effects on the user. As expected, we found red to have a high arousal effect. However, we also found that yellow and green are as powerful as red to prevent users from committing a potentially harmful action. Alternately, black, white and blue were less successful to keep participants from being non-compliant. This finding provides important insight for practice as it gives clear evidence that other colours, such as yellow and green, can have high arousal effect on user's attention. It could be that these colours increase comprehension. Past studies found that when contrasting colours in health warnings on tobacco products, such as black letters on a white background, leads to easier reading process, which, consequently increases comprehension [42, 43] . This suggests that warning designers could think of using other colour applications when displaying warning message to the user.
We believe that future research should further seek to understand colour effects on user's compliance by incorporating additional event occurrences. Indeed, some colours could have a greater secondary effect during successive event occurrences. For instance, in the fifth occurrence red could be simply ignored. The fact that we considered only two cultures is a limitation of our study. Hence, future studies could extend this cultural exploration by adding other cultures to further understand the colour impact in various cultural settings. Another limitation of our study is that, as we used experimental setting and deception approach, we could not collect some background information about our participants, which could be very useful to better understanding of different study's findings.
Conclusion
This research aimed at understanding how colour affects users' decision-making processes in the context of warning banner messages. We found that colour plays an important role in the user's decision-making process when confronted with a warning message. Different user arousal effects are observed not only in different cultural settings, but also depending on the event occurrence. Overall, we advance understanding of the psychological process that precedes a decision -with a focus on the importance of colour.
